We present preliminary results of the non-perturbative computation of the RI-MOM renormalization constants in a mass-independent scheme for the action with Iwasaki glue and four dynamical Wilson quarks employed by ETMC. Our project requires dedicated gauge ensembles with four degenerate sea quark flavours at three lattice spacings and at several values of the standard and twisted quark mass parameters. The RI-MOM renormalization constants are obtained from appropriate O(a) improved estimators extrapolated to the chiral limit.
Introductory remarks and computational setup
The European Twisted Mass Collaboration (ETMC) has recently performed simulations employing mass degenerate light (up/down) doublet quarks and a heavy mass non-degenerate pair for strange and charm quarks entering in the era of precise and realistic N f = 2 + 1 + 1 dynamical quark lattice computations [1] . In the ETMC setup gluon interactions are described by the Iwasaki action [2] . Fermions are regularised in the maximally twisted mass (Mtm) Wilson lattice formulation [3, 4, 5] . This choice of the fermionic action has the benefit of achieving automatic O(a)-improvement, generally leading to small O(a 2 ) lattice artefacts. Up to now ETMC has produced N f = 2 + 1 + 1 dynamical quark gauge configurations at three values of the lattice spacing (namely a ∼ 0.06, 0.08 and 0.09 fm). Gauge ensembles have been produced at several values of the quark masses with the lowest pseudoscalar mass being of about 270 MeV. Obviously the inclusion of the dynamical strange and charm quarks offers the advantage of taking into account a rather important source of systematic effects.
Computation of renormalisation constants (RCs) is a crucial step in order to extract physical quantities from lattice data. It is worth noticing that the Mtm setup offers a rather convenient quark mass renormalisation pattern. Indeed, for the renormalisation of the masses of degenerate and nondegenerate quark pairs one only needs to know the non-singlet Z P and Z S renormalisation constants (and not Z S 0 ) [4] . RCs of operators with non-zero anomalous dimension need to be computed in the chiral limit and for this reason dedicated lattice simulations employing N f = 4 light and (for simplicity) degenerate dynamical quarks are required. Indeed we have produced N f = 4 gauge configuration ensembles corresponding to several sea quark mass values and we determined RCs extrapolating their lattice estimators to the chiral limit. We employed the RI-MOM scheme [6] and the techniques already used for N f = 2 RCs [7] . However, for the case of N f = 4 simulations with the action and at the lattice spacing values we are currently using, the implementation of maximal twist (i.e. tuning the PCAC quark mass to zero), which would guarantee O(a) improvement of RCs, is not a trivial task. In fact in the region of small PCAC quark mass values simulation instabilities occur that lead for it to very large autocorrelation times. Hence we opted for an alternative way, already proposed in Ref. [3] , to achieve O(a) improvement though working out of maximal twist. The method, being based on averaging results obtained at opposite values of the PCAC quark mass, entails the need of doubling the reasonably low CPU time cost for producing gauge simulations at non-zero standard and twisted quark mass. The present contribution is a report of a work in progress. A first presentation and numerical test of our method appeared already in Ref. [8] .
Computational setup
We consider the following fermionic lattice action (written in the so called physical basis)
The bare mass parameters and the angle θ 0 are given by
In practice we make use of m PCAC to estimate (m 0, f − m cr ). In this way we take as the renormalised quantities the polar quark massM
f and the angle θ f , complementary to the twisted angle ω f (θ f = π/2 − ω f ), given by tan θ f = Z A m PCAC /µ f . As we use four mass degenerate quark flavours and we adopt a partially quenched setup, the knowledge of the four parameters M sea , θ sea , M val , θ val is sufficient to describe our RC computation.
In the following we focus on the evaluation of the RCs of the (non-singlet) quark bilinear operators 2 O Γ =χ f Γχ f ′ where Γ = S, P,V, A, T , in the RI' variant of the RI-MOM scheme. One first determines the quark field RC, Z q , through 
where
with r f ′ = −r f for the Wilson parameters of the (valence) quark flavours f and f ′ . We note that RCs are blind to the choice of sign(r f ) but lattice artefacts in their estimators in general are not. In our computation we will exploit the fact that the O(a 2k+1 ) artefacts occurring in the vacuum expectation values of (multi)local operators O vanish if we take the θ -average defined by
The O(a) improvement obtained in this way is a consequence of the symmetry 3 
of the lattice action and occurs for operator expectation values and form factors that are invariant under P × (θ 0 → −θ 0 ), see refs. [3, 9] . In particular this holds for our RCs estimators at any value of quark mass, M f , and momentum,p. 1 For consistency with the standard Wilson fermion notation, the operator RCs are named according to the form the operators take in this basis, where the Wilson term is untwisted. 2 For the computation of the RCs of the four-fermion operators using the same setup see Ref. [10] . 3 We denote by P the parity transformation of the fields and by
Analysis and Results
We have produced N f = 4 dynamical quark gauge configurations at three values of the inverse gauge coupling, β = 1.90, 1.95 and 2.10, and for each β at a number of values of M sea and (nearly) opposite values of θ sea (the p/m in the ensemble labels refers to sign(θ sea )). An overview of these ensembles and the valence mass parameters chosen for the Landau gauge correlation functions is given in Table 1 . Some quark propagator computations are still in progress, as indicated. Hence, the corresponding ensembles can not be used in this analysis. (1) Subtract from the RC estimator the O(a 2 g 2 ) cutoff effects at the chiral point, known from Ref.
3) Extrapolate to the chiral limit value, first in the valence and then in the sea sector. (4) Evaluate the RCs at a given renormalization scale after taking care of the residual lattice artefacts according to the methods "M1" and "M2" (see Ref. [7] and discussion below).
In step (2) chiral fit Ansätze are inspired to the mass parameter dependence expected from continuum QCD and the Symanzik analysis of lattice artefacts. For the valence chiral extrapolation we considered as fit functions linear combinations of constant,
, and (M val j cos(θ val j )) 2 . For the sea chiral limit linear combinations of M sea 0 , (M sea 0 ) 2 and cos(θ val j ) (M sea 0 ) 2 were considered. In the case of Z P , just before step (2) we remove the Goldstone pole contribution, which, depending directly on the lattice pseudoscalar meson mass, happens to be somewhat different for estimators corresponding to opposite θ val,sea -values. As for step (4) , in the first method ("M1"), after bringing the RC-estimators to a common renormalization scale (p 2 M1 = 1/a 2 ), we remove the remaining O(a 2p2 ) discretization errors by a linear fit inp 2 . Here the fit range is 1.5 ≤ a 2p2 ≤ 2.2. The second method ("M2") consists in simply taking the value of the RCs estimators at some high momentum point kept fixed in physical units at all β 's. Here we choosẽ p 2 = 12.0 ± 0.5 GeV 2 . The two approaches yield RC values differing only by cutoff effects.
In Fig. 1 , for the example of the ensemble 1p/m of β = 1.95, we show the Goldstone pole removal and the residual valence quark mass dependence in the analysis of Z P (panel (a)) and the extrapolation to the valence chiral limit for Z q , Z A , Z T and Z V (panel (b) ). The fit Ansatz is a linear function of the valence quark polar mass. We checked that results do not change significantly by using more complicated fit functions (involving higher mass powers or θ val ). Fig. 2 shows, for β = 1.95 the extrapolation to the sea chiral limit of Z P , Z S (panel (a)) and Z A , Z V (panel (b) ). The fit Ansatz is a linear function of (M sea ) 2 . More elaborated fit functions give compatible results.
For the typical (and important) cases of Z A and Z P we show for β = 1.95 (in Fig. 3 ) and β = 2.1 (in Fig. 4 ) the residual dependence on a 2p2 of RC-estimators (in the case of Z P brought to a common renormalization scale (1/a(β )) via three-loop evolution). The nice quality of the linear fit leading to the "M1" RC-values is visible, while results of the "M2" type are obtained from data at a 2p2 in the range (1.8-2.0) and (1.10-1.23) for β = 1.95 and β = 2.1, respectively. In each plot three different RC-estimators are considered, which differ from each other in the way the (beneficial) subtraction of O(a 2 g 2 ) lattice artefacts of step (1) is carried out. In Table 2 we gather our preliminary results for the RCs at two values of the gauge coupling, β = 1.95 and β = 2.10. We present results obtained from the two methods described above, namely "M1" and "M2". Perturbative contibutions O(a 2 g 2 ) have been subtracted using the coupling constant estimate g 2 0 = 6/β . Results for the RCs whose anomalous dimension is non-zero are given at the scale 1/a in the RI/MOM scheme. Following ref. [1] , we take a −1 | β =1.95(2.1) = 2.5(3.2) GeV.
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